In our studies altogether 3076 subjects of different ages have been investigated since 1994 until now. The number of males was 1896 (non-athletic: 243, physically trained: 1653), number of females was 1180 (non-athletic 290, physically trained: 890). Results are shown in the Figure 1 . Results are quite similar to those published in our older studies (Pavlik et al. 1999a (Pavlik et al. , 1999b (Pavlik et al. , 2001 . In the younger groups LV distensibility is very good also in the non-athletic subjects; regular physical training does not induce a further improvement. In the adult and older groups E/A of the athletic groups is markedly higher than that of non-athletic groups.
In the evaluation of E/A it is disturbing that the quotient is inversely related to the heart rate: the higher is the heart rate, the lower is the E/A. The bradycardia of the athlete's heart is well known, sometimes it is very difficult to establish: the higher E/A of some athletic groups is a consequence of their lower heart rate, or it is an independent effect of the regular physical training. In our recent analysis heart rate dependent equations of the E/A quotient were compared between athletic and non-athletic subjects in different ages. It seems that in young subjects differences can be attributed to the frequency differences, while in older subjects the higher E/A is an independent effect of regular physical activity (Kneffel et al. 2011 ). induced modifications of the different phases of the cardiac cycle. Doppler echocardiographic investigations help to reveal differences between the modifications of the different phases and sub phases. In our previous study (Pavlik et al. 1999b ) in 221 male athletes and non athletes we made two main establishments. 1. There is one period, which is definitely increased in the athletes: it is the E-A period, i.e. the period of diastasis extending from the end of the early filling till the onset of the atrial systole. 2. The lengths of the two main cardiac phases are also different: the proportion of the systole is decreased in the athlete's heart. Our further investigations confirmed the above mentioned establishments. Our data since 1994 until now are summarized in the Table 2 It is quite obvious that due to training bradycardia, the cardiac cycle of the athletes is longer. The contribution of the different phases can be seen on the tables. There is a basic difference in the elongation of the systole and of the diastole: systole is slightly (6.8 % in males, 7.5 % in females) longer in athletes, while the difference in the diastole is very definite (28.2 % and 29.7 % respectively). The absolute duration of most of the subphases are a little longer in athletes. This increase can be attributed due to the resting bradycardia, but it is not proportional to the elongation of the whole cardiac cycle, the relative durations are decreased. There is only one period which shows a definite increase in absolute as well as in relative duration: E-A, i.e. the period from the end of the early phase to the beginning of late filling, when flow velocity is minimal or zero. This phase seems to be the most sensitive to the exercise training.
Cardiac cycle intervals
If we investigate the stability or variability of the different periods of the cardiac cycle, the ratio of the standard deviations to the mean absolute values can be calculated. Results are indicated in Table 4 . Systole is more stable than diastole. Among the sub phases of the cardiac cycle in which an active flow is occurring are the most stable: AOAT, AODT, EACC, EDT. It is outstanding that the phase from the end of E to the beginning of A (E-A period) is very variable: its coefficient of variation is much higher than those of other periods. The stability of systole is quite obvious: the pumping function, the ejection of the blood needs a rapid, abrupt contraction in any case, so it cannot be much longer even in case of the bradycardia of the athletic heart. All that means that training bradycardia arises from the elongation of diastole, which means a more economic cardiac function: longer relaxation time, more time for recovery and, as coronary circulation is free only during diastole, better coronary circulation. Considering all cardiac phases, the greatest variability was seen in the period occurring between the end of the E and the beginning of the A phase, i.e. during which transmitral flow is practically minimal: the period of diastasis. This period is the most variable among all of the periods; the s.d./mean ratio of the absolute length is above 50 % in both groups. Thus, it seems that this is the period that can be modified to the greatest extent; training bradycardia seems to develop through elongation of this period. Periods of the cardiac cycle seem to provide further data on the function and regulation of the athletic heart. Some data and some indices may widen the arsenal of the different signs characterising of the athlete's heart. Our data indicate that the E-A period, namely the diastasis period of the diastolic filling is the most characteristic of the physically trained heart.
Tissue Doppler echocardiography
During the last two decades the used of the methods has been richer with the Tissue Doppler Imaging (TDI) technique. The main advantage of this method is that it offers direct measurements of local myocardial movements and velocities, it is less dependent on hemodynamic conditions and it makes also possible to establish wall movements at different segments of the heart. These advantages are used mostly in clinical cardiology for detailed investigations of some cardiac diseases or damages. The method has been introduced to the sports medicine as well. Several authors compared cardiac morphology, traditional Doppler and TDI indices of athletes to those of non-athletic healthy subjects and some cardiac patients (Caso et al. 2000 , Vinereanu et al. 2001 , Baldi et al. 2003 , Galetta et al. 2004 , Kasikcioglu et al. 2006 , Rodrigues et al. 2006 , D'Andrea 2007 , Prasad et al. 2007 , Caselli et al. 2009 ). An extensive review has been published recently (Krieg et al. 2007 ).
The main advantages of the TDI vs. traditional Doppler investigations in the sports medicine can be summarized as follows:
1. TDI results are less dependent on the heart rate than the traditional transmitral Doppler investigation findings (Caso et al. 2000 , Baldi et al. 2003 ), 2. it offers a new index: ratio of the blood flow to tissue movement velocity (E/E') is inversely related to the LV filling pressure and hence, it is postulated to be lower in athletes (Baldi et al. 2003 , Kasikcioglu et al. 2006 ), 3. it is not excluded that an enhanced systolic wall movement velocity (S') might show a better dynamic systolic function of the athletes heart (Baldi et al. 2003 , Rodrigues et al. 2006 , D'Andrea 2007 . During the last years we also made some investigations with TDI, our results are presented in the focus of the above mentioned three points. 1. Correlation coefficients between heart rate and the transmitral E/A and TDI determined E'/A' quotients were established in 19-35 yr old males and females ( Significant differences were seen only in the E/A values and in the TDI measurements of the medial part of the mitral valve (med. E'/A'). If we examine other parameters in which differences were suggested by other authors, only some small, non-significant differences were seen. It is possible that by a refined selection restricted to top-level endurance athletes more significant differences could be found.
Conclusion
Doppler echocardiography is a very important method in distinguishing physiologic hypertrophy from the pathologic one. In this respect the most important point is the LV diastolic function. Commonly, the increase of the LV wall thickness and the LV muscle mass is associated with a decreased distensibility, an impaired diastolic function. In the athlete's heart despite of the LV hypertrophy an improved diastolic function can be detected either by transmitral or by TDI echocardiography. Doppler echocardiography is also suitable to establish changes in the duration of the phases of the cardiac cycles. Training bradycardia results in a much more marked elongation of diastole than systole. Among the sub phases the E-A period i.e. the final phase of the diastole changes the most consequently, in the athlete's heart in will be longer.
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